Summary
The anaesthetic steroid combination alphaxolonealphadolone is a well-established short-acting injectable agent for cats and primates. It can be recommended for intravenous administration to rats, rabbits, neonatal pigs, mice and hamsters. It has limited value in mice and hamsters by the intraperitoneal route, but provides sedation in ferrets and neonatal pigs when injected intramuscularly. It can be given repeatedly or continuously to maintain anaesthesia for long periods without the development of tolerance or cumulation.
In the course of a number of studies carried out in this laboratory to investigate the interraction between high atmospheric pressure and anaesthesia (Bailey, Green, Halsey & Wardley-Smith, 1977; , it has been necessary to maintain surgical anaesthesia in rats for periods up to 8 h. The anaesthetic agents were administered by continuous or pulsed iv injection using equipment which was housed within a highpressure chamber but which was remotely controlled and monitored. Since the anaesthetic requirements were necessarily very demanding, and since a number of injectable agents were to be investigated, it seemed an opportunity to collect data which might be valuable to other workers faced with the problem of anaesthetising laboratory animals for long periods without significant physiological deterioration. In pilot studies thiopentone, methohexitone, propanidid, ketamine and the steroid combination alphaxolone-alphadolone were each assessed. Particular note was taken of their ability to produce full surgical anaesthesia as measured by failure to respond to electrical stimulation of the tail, the degree of respiratory and cardiovascular dysfunction engendered, and the degree of tolerance or cumulation which was encountered. When it became apparant that alphaxolone-alphadolone (12 mg/ml total steroids; 'Saffan' or 'Althesin', Glaxo Ltd, Greenford Road, Greenford, UB6 OHE) produced neither tolerance nor cumulation (Bailey et al., 1977) and was suitable for long periods of iv anaesthesia even though it is a short-acting drug, it was extensively studied in rats and in subsidiary experiments in mice, hamsters, guinea-pigs and ferrets. The cu.:cumulated data was pooled with that already obtained in neonatal pigs and in rabbits (Green, 1975) . In addition, alphaxolone-alphadolone . was assessed in several species by im or ip injection.
Materials and methods
Animal preparation/or iv infusion Rats. Male outbred Sprague-Dawley rats, weighing 500-600 g and free of chronic respiratory disease, were used for the high-pressure experiments.
Anaesthesia was induced by mask inhalation of 2 % halothane in a 50:50 mixture of nitrous oxide and oxygen, and then maintained with 1% halothane in the same carrier gas mixture. Each rat was positioned on its right side and' the left lateral tail vein exposed by surgical incision of the skin for a length of 3 cm. The vein was carefully cleared of tributaries and connective tissue while viewed at 10 x magnification under an operating microscope. The vessel was cannulated with a nylon iv cannula with a Luer fitting (outside diameter 0,75 nun; Portex Ltd, Hythe, Kent, CT21 6JL) via a small incision in the wall, and this was securely tied in place with 5/0 silk sutures. For routine purposes percutaneous puncture using a 0·50 mm diameter (25 gauge) butterfly needle (APEM infusion set; Becton-Dickinson Ltd, York House, Empire Way, Wembley, HA9 OPS) would be satisfactory. The whole tail was then wrapped in adhesive tape to ensure that the cannula could not be dislodged and the latter was attached to a syringe containing undiluted alphaxolonealphadolone (12 mg/ml).
Anaesthesia was maintained for the duration of the experiment by sequential or continuous infusion of alphaxolone-alphadolone. To assess the anaesthetic dose required, the ADes was measured. AD,s was defined as the point at which a stimulus produced a modest abdominal twitch but no gross movement of head, neck or limbs in 95 % of the animals. The stimulus in rats was provided by an intermittent electrical pulse (lOV pulse width 5 ms) which was applied to the mid-tail via needle electrodes. In other species, different stimuli were applied. Temperature was measured by rectal probe. Heart rate was recorded by 3 needle electrodes (2 forelimbs and 1 hindlimb) attached to a recorder (Devices Ltd, 26-28 Hyde Way, Welwyn Garden City, Hertfordshire, AL7 3AP). Respiratory rate was estimated by visual observation. A perfusion pump (range 0'19-190 ml/h; Braun Melsungen Aktiengesellschaft, 3508 Melsungen, W. Germany) and syringe were connected to the cannula via a 60 cm manometer line. The rate of infusion was controlled by a digitimer (Type 3290; Devices Ltd) which produced a train of pulses with a variable markspace ratio and which allowed the pump to be switched on and off for differing periods. A pump setting at least 3 x in excess of that required to keep the rat anaesthetised was chosen-an average initial regimen was a pump setting of 3,8 ml/h pulsed at a rat of lOs on, 40s off. The rate of infusion could then be varied from outside the pressure chamber by changing the digitimer settings. Mice. Theanimals were anaesthetised by inhalation of 3 % halothane in oxygen delivered at 500 ml/min to an open mask. The lateral tail vein was then dilated by direct heat (electric lamp or water at 60°C) and either cannulated after surgical incision as for rats but using a Boak cannula (Portex Ltd) connected to a Luer fitting 10 x 0·45 rom (26 gauge) needle or, alternatively, inserting a similar 10 x 0·45 mm (26 gauge) needle percutaneously. In each case it was essential to wrap the tail securely and immobilise it to a flat ,surface with adhesive tape. Alphaxolonealphadolone was diluted 1 in 6 with normal saline (i.e. 2 mg/ml active steroids) and injected from a 1 ml syringe. The ADu was assessed by loss of response to tail pinch. The respiratory rate was observed but other physiological measurements were not taken.
Hamsters. Anaesthesia was induced as in mice and a forelimb was then carefully shaved and swabbed. The anterior cephalic vein could be clearly seen if viewed under direct light and magnification (1001 LampsLtd, 108 Bromley Road, London, SE62UX). A 10 x 0,45 mm (26 gauge) needle was inserted percutaneously and taped in place whilst the limb was held extended by an assistant. The whole limb was then fixed to a firm board with adhesive tape. The steroids were again diluted 1 in 6 to 2 mg/ml of solution and injected from a 1 ml syringe. The ADos was assessed by loss of response to ear pinch, and the respiratory rate was observed. Guinea-pigs. Anaesthesia was induced by inhalation of halothane (2-3 %) or methoxyflurane (1-2 %) in oxygen flowing to an open mask at 1-2 litres/min. The animal was prepared for continuous infusion of alphaxolone-alphadolone in one of several ways. First, an in-dwelling iv Boak cannula was inserted into the anterior cephalic vein. This was best achieved under 4 x magnification having made a surgical incision on the antero-lateral surface of the upper' limb to a point 0·5 em distal to the cubital fossa, and gently dissecting away the fascial aponeurosis until the junction between cephalic and basilic systems was exposed. The cannulae could Green, Halsey, Precious & Wardley-Smith then be inserted and firmly secured in place by ligatures and suture with 5/0 silk. Alternatively, the pudic vein lying along the dorsolateral border of the extruded penis was used in male guinea-pigs, inserting a 0·63 mm diameter (23 gauge) butterflyneedle and taping this in place. As further alternatives, percutaneous puncture with a 10 x 0'45 mm (26 gauge) needle could have been made in the anterior cephalic, anterior metatarsal, marginal ear or the lingual veins, but these are rather more difficult to stabilise and ensure that the drug is being delivered iv for long periods. Alphaxolone7. alphadolone was administered undiluted from, tite syringe and Braun perfuser pump as described for rats. The ADos was determined by loss of response to ear-pinch. Respiration was observed and the heart rate was recorded from 3 needle electrodes connected to a Devices recorder as for rats.
Ferrets. Venepuncture was achieved with a 22 x 0'50 mm (25 gauge) needle either in the anterior cephalic or recurrent tarsal vein having lightly anaesthetised the animals by halothane inhalation or with alphaxolone-alphadolone injected im into the triceps humoris muscle at a dosage of 12-15 mg/kg. Alphaxolone-alphadolone was then infused iv either continuously or in pulsed increments using an undiluted solution. The ADos was assessed by loss of response to pinch of the interdigital web (pedal reflex).
Rabbits. Venepuncture was made in the conscious rabbit by inserting a 0·80 mm diameter (21 guage) butterfly needle ('Butterfly-21', 0,8 mm infusion set; Abbott Ltd, Queenborough, Kent, ME11 5EL) into the dilated marginal ear vein. It was held in place with adhesive tape. Undiluted alphaxolone-alphadolone was injected at timed intervals from a syringe or the anaesthetic could be diluted in normal saline solution and administered continuously from a paediatric iv infusion set ('Buretro!'; Travenol Laboratories Ltd, Caxton Way, Thetford, Norfolk, IP24 3SE). Anaesthetic response was measured by the loss of reflex movement to strong ear-pinch. Respiration was observed and note made of the rate and quality of breathing. Heart rate was measured from needle electrodes placed subcutaneously over each upper forelimb and 1 hind limb. Temperature was monitored by rectal probe. Neonatal pigs. The pigs were deeply sedated with an im injection of alphaxolone-alphadolone (10 mg/kg) and the right external jugular vein was exposed and mobilised through a 3 cm longitudinal incision along the neck. The vein was cannulated with an iv catheter equipped with a Luer lock fitting at one end (outside diameter 0,75 mm, Portex Ltd) and the incision was repaired with 2/0 silk :mtures which also incorporated the cannula within a 'tunnel' to the Alphaxolone-alphadolone anaesthesia exterior. Alphaxolone-alphadolone was then administered at intervals from a syringe or continuously from an iv infusion set. Anaesthetic responses and physiological measurements were made in the same way as for rabbits.
Other methods of administration
Where practicable, the steroids were injected im in each species. To ensure maximal absorption, care was taken to inject deep into muscle tissue for the anterior thigh as recommended for cats (Baxter & Evans, 1973) , hopefully avoiding injection into fascia.
The undiluted agent was given by the ip route to rats, mice and hamsters.
Results

Rats. Alphaxolone-alphadolone
was assessed at dosages ranging from 10-25 mg/kg by the im route but the response was very inconsistent both in intensity and in its time course. Light surgical anaesthesia with good muscular relaxation but moderate analgesia developed in isolated cases whereas in others the rats were only lightly sedated even at the highest dosage assessed.
When the drug was given ip the response was more predictable but still too inconsistent for this to be recommended for the anaesthetic management of rats. Light surgical anaesthesia could be achieved at dosages in the range 25-30 mg/kg ip with recovery taking 40-60 min, but many rats were only sedated and responded strongly to a painful stimulus.
In contrast to these disappointing results, alphax.olone-alphadolone given jv was ex.cellent both for short and long periods of anaesthesia. A single iv injection of 10-12 mg/kg produced medium surgical anaesthesia within 20 s, lasting 5-12 min. The rats were fully recovered in 60 min. To sustain anaesthesia, the animals were given increments of 3-4 mg/kg every 15-20 min. Surgical anaesthesia was maintained for periods up to 8 h without significant deterioration in cardiopulmonary function, but with recovery taking up to 3 h. Other side effects (e.g. hyperaemia or oedema of extremities encountered in cats) were not observed.
In the high-pressure experiments in which infusion was remotely controlled, the AD95 ranged from 0,25-0,45 mg/kg/min in rats weighing 480-560 g. The heart and breathing rates were maintained at a mean of 400 beats/min and 80/min respectively, and altered only when anaesthesia lightened because of the effect of high pressure. Again, providing the 87 rats started the experiments in good health and body temperature was maintained within the normal range, they were able to tolerate anaesthesia for 8 h (although they were not allowed to recover at the end of the high-pressure exposure). The rate of infusion did not alter during these lon~periods of anaesthesia, indicating that neither tolerance nor cumulation developed. Once anaesthetic equilibrium had been established, it was possible to maintain a relatively stable state in which input of drug matched its rate of biotransformation.
Mice. The degree of anaesthesia which developed after im or ip injection in mice was variable. Dosages of 60-150 mg/kg im produced sedation at the lower levels, and light surgical anaesthesia in some mice at the higher. The onset of action occurred in 5-10 min peak activity was maintained for 40-60 min and thm ice recovered in 1-2 h. It was concluded that the relatively large volume for injection was unsatisfactory in mice.
The response was much more consistent if the drug was given ip. At 60 mg/kg ip, mice lost their righting reflex within 5 min and remained on their backs for 25-30 min. However, they were very sensitive to noise, and analgesia was poor. At 120 mg/kg ip, the animals lost their righting reflex within 20 s of .injection, and light surgical anaesthesia developed in the majority within 3 min. Muscular relaxation was always pronounced but the degree of analgesia which developed varied from fair to good only. Peak activity was maintained for 45-90 min. Full recovery took from 1-5-3 h. At 240 mg/kg ip all mice died within 2 h and the LD50 was found to be 180-200 mg/kgip. Anaesthesia after iv injection was excellent. The AD50 (the dosage producing anaesthesia in 50 per cent of animals) was approximately 6,0 mg/kg iv, the AD95 12-50 mg/kg iv, and the LD50 was 30-35 mg/kg. At the optimum dosage of 14 mg/kg iv, surgical anaesthesia was produced within seconds of injection and lasted 7-8 min. Time to full recovery ranged from 10-15 min after a single injection. Muscular relaxation was profound in all cases, and analgesia was well developed in most. Respiratory rate was depressed by up to SO % but, although cyanosis of membranes was noted in several cases, no mortalities were experienced at this dosage.
When it was necessary to continue anaesthesia for prolonged periods, alphaxolone-alphadolone was administered in 4-6 mg/kg iv increments at 15 min intervals. Problems were not encountered for periods up to 4 h providing body temperature was maintained within the normal range. Neither cumulation nor tolerance developed.
Hamsters. 1m injection was unsatisfactory because of the large volume of fluid needed and the variable response produced. However, ip injection was quite effective at dosages ranging from 120-160 mgjkg, and surgical anaesthesia developed in more animals than in the mouse experiments. The righting reflex was lost in 2 min, peak effect was maintained for 40-60 min and full recovery took 2-2,5 h.
The responses to iv injection of alphaxolonealphadolone were similar and the dosages were approximately equal to those needed in mice. The optimum iv dose of 14 mgjkg produced surgical anaesthesia in most cases within seconds .. A single injection produced its peak effect for 6-9 min and full recovery took 20-25 min. Anaesthesia for up to 4h was maintained by increments of 4-6 mgjkg at about 15 min intervals. Guinea-pigs. A sleep time of 40-90 min was produced after injection of 40 mgjkg im, but analgesia was poorly developed and recovery took up to 3 h.
Similarly, ip injection produced unsatisfactory analgesia if the dosage was kept within limits which allowed a reasonable recovery time. If recovery was prolonged guinea-pigs frequently developed pulmonary oedema, and some died within 12 h.
Anaesthesia after iv injection was satisfactory at a dosage of 16-20 mgjkg iv. Surgical anaesthesia with excellent relaxation and good analgesia developed within seconds and lasted for 10-12 min. Time to full recovery varied considerably from 25-60 min. Attempts at prolonged anaesthesia were complicated by pulmonary oedema and respiratory distress in a number of animals. Periods of 4 h were attained satisfactorily, but 8 h proved far more difficult than in rats. Ferrets. Alphaxolone-alphadolone at 15-20 mgjkg im produced deep sedation with some analgesia and muscular relaxation in ferrets. The onset of activity occurred in 3-4 min and the peak effect lC),sted10-20 min. Full recovery took 1-2 h. It was concluded that the agent was useful by the im route in this species.
Surgical anaesthesia was achieved within seconds of iv injection at 10-12 mgjkg. This lasted 10-15 min and was accompanied by muscular relaxation and good analgesia. Full recovery took 1-2 h.
Rabbits. Dosages ranging from 12-40 mgjkg im were assessed in rabbits but, although the animals were sedated and lost their righting reflex, analgesia was always poor and respiration was severely depressed at the higher dosage.
At 12 mgjkg iv, alphaxolone-alphadolone proved a useful short-acting anaesthetic. Light to medium surgical anaesthesia developed within seconds and was maintained for 8-10 min. Full recovery took 2-2'5 h. Anaesthesia was prolonged by incremental administration every 20 min for periods up to 8 h.
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Although muscular relaxation was always profound, the analgesia attained was not always satisfactory even at this high dosage.
Neonatal pigs. Low dosages of 2-3 mgjkg im were found to be sufficient to induce deep sedation in piglets during the first 7 days of life. Muscular relaxation and analgesia were both well developed. Anaesthesia could then be induced with dosages of 2-3 mgjkg iv and safely maintained for up to 2 h by incremental injection. Conservation of body heat was particularly important in these young animals as they are unable to thermo regulate efficiently in the first 2 weeks of life.
Discussion
The pharmacological properties of the steroid anaesthetic combination alphaxolone-alphadolone have been extensively studied in several species since its original introduction (Child et al., 1971) . This is now widely accepted as the injectable drug of choice in the anaesthetic management of cats (Evans, Aspinal & Hendy, 1972; Dodds & Twissell, 1973; Stock, 1973) and has also been reported as an alternative to other short-acting injectable agents in primates (Box & Ellis, 1973; Phillips & Grist, 1975) , pigs (Hall, 1972; Cox, Done, Lees & Walton, 1975) , rabbits (Green, 1975) , birds (Cooper & Frank, 1973) , and man (Carson, 1975) . It must not be used in dogs since they react to the 'Cremophor EL' vehicle. Apart from limited information obtained from the initial pharmacological assays (Child et at., 1971), there have been no reports of use in small laboratory species.
It is unfortunate that the steroids are not water soluble and only relatively soluble in the 'Cremophor EL' diluent commercially available. Intramuscular injection often proves ineffective because of poor uptake from the injection site and hence an inability to reach effective blood levels before being metabolised. In some species such as mice and hamsters, it is impracticable to inject the large volumes needed to provide an effective dosage. The intraperitoneal route of administration is better, but nevertheless uptake is often matched by the rate of bio;ransformation so that effective blood levels are not obtained.
Alphaxolone-alphadolone only realises its full potential if given by the iv route. It is then particularly valuable for the short-term anaesthesia of cats, primates, neonatal pigs, rats, mice and hamsters, having a wide safety margin in these species. It also has a place in rabbit anaesthesia for superficial surgery-we concluded that it was similar in effect to methohexitone but produced better relaxation for endotracheal intubation. In the experiments in rats, alphaxolone-alphadolone proved far superior to thiopentone, methohexitone, propanidid and ketamine for continuous administration.
All of the other 4 agents, but particularly thiopentone, produced tolerance and cumulation to a marked degree, and it was difficult to maintain anaesthesia at a reasonably steady level. Conversely, alphaxolonealphadolone showed no such tendency and, with experience, it proved possible to inject the drug at a fixed rate to provide stable anaesthesia for many hours. Respiratory complications were only encountered in guinea-pigs and in those rats which were contaminated by brief contact with animals known to carry respiratory pathogens.
The pulmonary oedema noted in guinea-pigs may have been associated with endemic respiratory disease.
It is concluded that alphaxolone-alphadolone is a useful short-acting anaesthetic in several laboratory animals if given by the iv route. It is particularly valuable for prolonged anaesthesia when administered in increments or by continuous infusion, because neither tolerance nor cumulation have been observed in any of the species studied.
